w\ "ExpAlail" Mailing Label NoM^t¥21 083 

Date mnapncit December 20, 2001 

I herebycertifythatthiscorrespondenceisbeina 
METHOD OF MANUFACTURJ&lfcd with the United States Postal Service 

"Express Mail Post Office to Addressee" service 
A SEMICONDUCTOR f.fOonthe date indicated above 

and is aJdressed to: Commissioner 
for Pal jnts, I i/ashington, O.C. 20231 

Maine. e y /( a a 
BACKGROUND OF THE INVENTION ' (typed or printed) 

5 1. Field of the Invention Signaftre Y> H 

The present invention relates to a method of manufacturing a semiconductor 

device, which includes a step of annealing a semiconductor film by using a laser beam. 

Incidentally, the semiconductor device here indicates any devices capable of 

ljl functioning by using semiconductor characteristics, and also includes an electro-optic 

□ 10 device, such as a liquid crvstal display device or a lieht-emittins device, and an 

U 

4* electronic device including the electro-optic device as a part thereof 

Q 

pt° 2. Description of the Related Art 

s 

[j, In recent years, a technique is widely studied in which a laser annealing is 

performed on a semiconductor film formed on an insulating substrate of glass or the 

□ 15 like to crystallize the film or to improve its crystallinity. Silicon is often used for the 
semiconductor film. 

As compared with a synthetic quartz glass substrate which is conventionally 
often used, the glass substrate has merits that it is inexpensive and is rich in 
workability, and a large area substrate can be easily manufactured. This is the reason 
20 why the study is carried out. The reason why the laser is used for crystallization by 
preference is that the melting point of the glass substrate is low. The laser can give 
high energy only to the semiconductor film without raising the temperature of the 
substrate very much. Besides, as compared with heating means using an electrothermal 
furnace, its throughput is remarkably high. 
25 Since a crystalline semiconductor is composed of a number of crystal grains, 
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it is also called a polycrystalline semiconductor film. Since a crystal line semiconductor 
film formed through the laser annealing has a high mobility, a thin film transistor 
(TFT) is formed by using this crystalline semiconductor film, and it is extensively used 
for, for example, a monolithic type liquid crystal electro-optic device in which TFTs 
for a pixel portion and a driving circuit are formed on one glass substrate. 

Besides, a method is used by preference in which a laser annealing is performed 
by forming a laser beam oscillated from a pulse oscillator with a high output such as 
an excimer laser into a square spot of several cm square or a line with a length of 10 
cm or more on an irradiated surface by an optical system and by scanning the laser 
beam (or by moving the irradiation position of the laser beam relatively to the surface 
to be irradiated), since the method has high productivity and is industrially 
superior. 

Especially, when a linear beam is used, differently from the case where a spot- 
like laser beam requiring horizontal and vertical scanning is used, since laser 
irradiation on the whole surface to be irradiated can be performed by only scanning 
in the direction normal to the longitudinal direction of the linear beam, the 
productivity is high. The scanning is performed in the direction normal to the 
longitudinal direction since it is the most efficient scanning direction. By this high 
productivity, in the laser annealing method at present, to use the linear beam obtained 
by forming a pulse oscillation excimer laser beam through a suitable optical system 
has become the main stream of manufacturing technique of a liquid crystal display 
device using TFTs. 

Here, crystallization of a semiconductor film after irradiation of a laser beam 
to the semiconductor film will be described. When the laser beam is irradiated to the 
semiconductor film, the semiconductor is melted. However, as a time elapses, the 



temperature of the semiconductor film is lowered, and crystal nuclei are created. In the 
semiconductor film, a limitless number of uniform (or irregular) crystal nuclei are 
created and grow, so that crystallization is ended. The positions and sizes of crystal 
grains obtained in this case are random. As compared with the inside of the crystal 
grain, at the interface of the crystal grain (crystal grain boundary)- there are countless 
recombination centers and trapping centers resulting from amorphous structure, crystal 
defects and the like. It is known that if a carrier is trapped by the trapping center, the 
potential of the crystal grain boundary is raised and becomes a barrier against the 
carrier, so that the current transport characteristic of the carrier is lowered. Especially 
although the crystallinity of a semiconductor film of a channel formation region exerts 
a great influence on the electrical characteristics of a TFT, it has been almost 
impossible to remove the influence of the crystal grain boundary and to form the 
channel formation region by a single crystal semiconductor film. 

Besides, it is known that the growth distance of the crystal grain is proportional 
to the product of a crystallization time and a growth speed. Here, the crystallization 
time is a time, as shown in FIG. 28, from (B) the creation of crystal nuclei in a 
semiconductor film to (C) the end of crystallization of the semiconductor film. When 
a time from (A) the start of melting the semiconductor film to (C) the end of the 
crystallization is called a melting time, if the melting time is prolonged and the cooling 
speed of the semiconductor film is made slow, the crystallization time becomes long, 
and a crystal grain of a large grain size can be formed. 

Although there are various kinds of laser beams, crystallization using a laser 
beam from a pulse oscillation type excimer laser as a light source (hereinafter referred 
to as an excimer laser beam) is generally used. The excimer laser has merits that its 
output is high, and repetitive irradiation at a high frequency is possible, and further. 



the excimer laser beam has a merit that an absorption coefficient to a silicon film is 
high. 

In order to form the excimer laser beam, KrF (wavelength of 248 nm) or XeCl 
(wavelength of 308 nm) is used as an exited gas. However, there is a problem that a 
gas such as Kr (krypton) or Xe (xenon) is very expensive, and when the frequency of 
a gas exchange becomes high, manufacturing costs are increased. 

Besides, the exchange of additional instruments, such as a laser tube for laser 
oscillation and a gas purifier for removing unnecessary compounds produced in an 
oscillation process, becomes necessary once in two to three years. Most of these 
additional instruments are expensive, and there is a problem that the manufacturing 
costs are increased as well. 

As described above, although the laser irradiation apparatus using the excimer 
laser beam has undoubtedly high performance, it takes much time and labor in 
maintenance, and the apparatus has also a defect that running costs (here, costs caused 
from working) are high for a laser irradiation apparatus for production. 

Then, in order to realize a laser irradiation apparatus having low running costs 
as compared with the excimer laser and to realize a laser annealing method using the 
same, there is a method using a solid laser (a laser using a crystal rod as an oscillation 
cavity and for outputting a laser beam). 

It is conceivable that the reason is that although the solid laser at present has 
a large output, an output time is very short. An excitation method of the solid laser 
includes LD (Laser Diode) excitation, flash lamp excitation, and the like. In order to 
obtain a large output by the LD excitation, it is necessary to make a large current flow 
to the LD. Thus, the lifetime of the LD becomes short, and eventually, the cost 
becomes high as compared with the flash lamp excitation. By such reason, almost all 



solid lasers by the LD excitation are small output apparatuses, and it is under 
development as a high output laser for industry at present. On the other hand, since a 
flash lamp can output extremely intense light, the laser excited by the flash lamp has 
a high output. However, in the oscillation by the flash lamp excitation, electrons 
excited by the instantaneously applied energy are emitted at one time, and an output 
time of the laser becomes very short. Like this, although the solid laser at present has 
a high output, the output time is very short. Thus, it is difficult to realize formation of 
a crystal grain, which has a grain size equivalent to or larger than a grain size formed 
by laser crystallization using the excimer laser, by laser crystallization using the solid 
laser. Incidentally, in the present specification, the output time is a half value width 
in one pulse. 

Here, crystallization of a semiconductor film was performed by using a YAG 
laser as one of typical solid lasers. The YAG laser by the flash lamp excitation was 
used, and after modulation to the second harmonic by a nonlinear optical element, a 
silicon film was irradiated. The grain size of a crystal grain formed by the laser 
annealing using the YAG laser was very small as compared with the crystal grain 
formed by using the excimer laser. When a TFT is manufactured by using a crystalline 
semiconductor film having such a crystal grain, a large number of crystal grain 
boundaries exist in a channel formation region having an important influence on the 
electrical characteristics of the TFT, which cause the electrical characteristics to be 
lowered. It is conceivable that the reason why only the small crystal grain is formed 
by the laser annealing using the solid laser is that, as already described, although the 
solid laser at present has a high output, the output time is very short. 



SUMMARY OF THE INVENTION 



Therefore, in a laser irradiation apparatus having low running costs as 
compared with a conventional apparatus and in a laser annealing method using the 
same, an object of the present invention is to provide a method of manufacturing a 
semiconductor device by using the laser annealing method for forming a crystal grain 
having a grain size equivalent to or larger than a conventional one. 

Since the object of the invention is to form a crystal grain having a grain size 
equivalent to or larger than a grain size formed by a laser annealing using an excimer 
laser, a temperature change when an excimer laser beam was irradiated to a 
semiconductor film was first calculated. The excimer laser beam was irradiated to a 
silicon film having a structure shown in FIG. 3, and the temperature with respect to 
the time was calculated at points A to C of FIG. 3. Here, the output time of the laser 
beam was made 27 ns, and the energy density was made 0.1 to 0.5 J. The results are 
shown in FIGS. 7 A to 7G. From FIGS. 7A to 7G, it is understood that as the energy 
density becomes high, the crystallization time and the melting time become long, and 
the cooling speed becomes gentle. Besides, it is understood that the temperature of the 
point C follows the temperature change of the point A. 

It is possible to point out that in order to form a crystal grain of a large grain 
size, to make the cooling speed of a semiconductor film gentle is one of effective 
means. Specifically, there is a method in which an output time of a laser beam is made 
long and a melting time of a semiconductor film is made long. 

Then, the output time of the YAG laser was prolonged, and calculation was 
made on the temperature change when the semiconductor film was irradiated. As 
shown in FIG. 3 ? the laser beam of the YAG laser was irradiated to the silicon film 
formed on a silicon oxide film and having a thickness of 50 nm. and the temperature 
relative to the time was calculated at the surface of the silicon film (point A), the 



interface between the silicon film and the silicon oxide film (point B), and the silicon 
oxide film 100 nm below the interface (point C). Here, the temperature at which the 
silicon film was melted was made 1200 K. The results are shown in FIGS. 4A to 6F. 
In FIGS. 4A to 4D, the output time was made 6.7 ns, and the energy density was made 
0.15 to 0.4 J. In FIGS. 4E to 4H, the output time was made 20 ns. and the energy- 
density was made 0.2 to 0.5 J. In FIGS. 5A to 5D, the output time was made 27 ns. 
and in FIGS. 5E to 5H, the output time was made 50 ns and the energy density was 
made 0.2 to 0.5 J. In FIGS. 6A to 6C, the output time was made 100 ns, and the 
energy density was made 0.3 to 0.5 J. In FIGS. 6D to 6F. the output time was made 
200 ns, and the energy density was made 0.4 to 0.6 J. 

By the irradiation of the laser beam, the temperature at each of the points A to 
C is raised, and after a first constant temperature is kept, it is further raised to reach 
the highest temperature. Then, the temperature at each of the points A to C is lowered, 
and a second constant temperature is kept, and there is seen a tendency that the 
temperature is further lowered. Since the calculation is made under the assumption 
that the melting temperature of the silicon film is 1200 K, the silicon film is melted at 
the first constant temperature, and solidification (crystallization) of the silicon film 
occurs at the second constant temperature. Here, a time from the start time of the 
second constant temperature to the end time thereof corresponds to the crystallization 
time. It is shown that the longer the crystallization time is. the gentler the cooling 
speed is. When a time from the start time of the first constant temperature to the end 
time of the second constant temperature is made a melting time of the silicon film, at 
the same energy density, the longer the output time is, the gentler the time to the 
highest temperature reached at each of the points A to C is. and the melting time 
becomes long. That is. it can be said that the longer the output time is. the gentler the 



cooling speed of the semiconductor film is. 

FIG. 12 shows the temperature of the silicon oxide film at the start time of the 
crystallization with respect to the output time of the laser beam. From FIG. 12. as the 
output time becomes long, the temperature of the silicon oxide film at the start time 
of the crystallization is raised. When the output time of the laser beam is 50 ns or less, 
the temperature of the silicon oxide film is sharply lowered. That is, it is understood 
that it is also effective to keep the temperature of the under film high in order to 
extend the melting time of the semiconductor film. 

From the above, as the output time becomes long, the crystallization time and 
the melting time become long, and the cooling speed of the semiconductor film 
becomes gentle. Thus, since the creation density of crystal nuclei becomes low and the 
crystallization time becomes long, a crystal grain of a large grain size can be formed. 
That is, it can be said that to prolong the output time is effective means for increasing 
the grain size of the crystal grain. 

However, as already described, although the solid laser at present has a large 
output, the output time is very short. For example, while the output time of the L4308 
type XeCl excimer laser (wavelength of 308 nm) made by Lambda Physic Inc. is 27 
ns, the output time of the DCR-3D type Nd:YAG laser (wavelength of 532 nm) made 
by Spectra-Physics Inc. is 5 to 7 ns. 

Then, the present invention provides a method of manufacturing a 
semiconductor device including, as a step, a laser annealing method in which in a case 
where a laser beam having a short output time from a solid laser (a laser using a crystal 
rod as an oscillation cavity to output a laser beam) is irradiated to a semiconductor 
film, another laser beam is delayed from one laser beam and is irradiated to the 
semiconductor film, so that a cooling speed of the semiconductor film is made gentle. 
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and a crystal grain of a grain size equivalent to or larger than a case where a laser 
beam having a long output time is irradiated to the semiconductor film is formed. 

At this time, it is desirable that the laser beam is formed into a linear shape by 
an optical system and is irradiated. Incidentally, to form the laser beam into the linear 
shape means that the laser beam is formed so that the shape on an irradiation surface 
becomes linear. That is, it means to form the sectional shape of the laser beam into the 
linear shape. Besides, the "linear shape" here does not mean a "line" in strict meaning, 
but a rectangle (or a long ellipse) having a large aspect ratio. For example, it indicates 
one having an aspect ratio of 10 or more (preferably 100 to 10000). 

As the solid laser, what is generally known can be used, and a YAG laser 
(normally indicating Nd:YAG laser), a YV0 4 laser, a YLF laser, a YA10 3 laser, a 
glass laser, a ruby laser, an alexandrite laser, Tksapphire laser or the like can be used. 
Especially, the YV0 4 laser or the YAG laser excellent in coherency and pulse energy 
is preferable. 

However, since the primary wave (first harmonic) of the YAG laser has a long 
wavelength of 1064 nm. it is preferable to use the second harmonic (wavelength of 
532 nm), the third harmonic (wavelength of 355 nm) or the fourth harmonic 
(wavelength of 266 nm). These harmonics can be obtained by using a nonlinear 
crystal. 

The first harmonic can be modulated to the second harmonic, the third 
harmonic, or the fourth harmonic by a wavelength modulator including a nonlinear 
element. The respective harmonics may be formed in accordance with a well-known 
technique. Besides, in the present specification, "a laser beam using a solid laser as a 
light source" includes not only the first harmonic but also the second harmonic, the 
third harmonic and the fourth harmonic, the wavelength of w hich is demodulated 



halfway. 

Besides, a Q switch method (Q modulation switch system) often used in the 
YAG laser may be used. This is a method in which a Q value is sharply raised from 
a state where the Q value of a laser oscillator is made sufficiently low so that a steep 
pulse laser having a very high energy value is outputted. This is a well-known 
technique. 

In the solid laser used in the present invention, since a laser beam can be 
basically outputted if a solid crystal, a resonant mirror, and a light source for exciting 
the solid crystal exist, it does not take much time and labor of maintenance as in the 
excimer laser. That is, since the running costs are very low as compared with the 
excimer laser, it becomes possible to greatly reduce the manufacturing costs of a 
semiconductor device. Besides, if the number of acts of maintenance is reduced, the 
working rate of a production line is also raised, so that the whole throughput of a 
manufacturing process is improved, and this greatly contributes to the lowering of the 
manufacturing costs of the semiconductor device. Further, since an occupied area of 
the solid laser is small as compared with the excimer laser, it is advantageous in design 
of a manufacturing line. 

According to the present invention, in the laser annealing using a laser beam 
having a short output time, a plurality of laser beams are irradiated while a time 
difference is provided between them, so that a cooling speed of a semiconductor film 
is made gentle, and a time allowed for crystal growth is prolonged in a process of 
crystallization, and eventually, enlargement of a grain size of a cry stal grain is 
realized. 

By obtaining a crystalline semiconductor film having a large crystal grain size, 
it becomes possible to greatly improve the performance of the semiconductor device. 
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For example, with respect to a TFT as an example, when the crystal grain size 
becomes large, the number of crystal grain boundaries contained in a channel 
formation region can be decreased. That is, it also becomes possible to manufacture 
such a TFT that the channel formation region includes one crystal grain boundary, 
preferably no crystal grain boundary. Besides, since each crystal grain has crystallinity 
substantially regarded as single crystal, it is also possible to obtain a high mobility 
(field effect mobility) equivalent to or higher than a transistor using a single crystal 
semiconductor. 

Further, since it is possible to extremely decrease the number of times when a 
carrier crosses the crystal grain boundaries, it also becomes possible to reduce 
fluctuation in an on current value (value of drain current flowing when a TFT is in an 
on state), an off current value (value of drain current flow ing when a TFT is in an off 
state), a threshold voltage, an S value, and a field effect mobility. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a view showing an example of a structure of a laser irradiation 
apparatus. 

FIG. 2 is a view showing an example of a structure of a laser irradiation 
apparatus. 

FIG. 3 is a view showing a structure of a semiconductor film used for a 
simulation, and temperature observation points. 

FIGS. 4 A to 4D are views showing temperature changes when a laser beam is 
irradiated to a semiconductor film under conditions that the output time of a YAG 
laser is 6.7 ns, and the energy density thereof is 0.15 to 0.4 J. 

FIGS. 4E to 4H are views showing temperature changes when a laser beam is 
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irradiated to a semiconductor film under conditions that the output time of the YAG 
laser is 20 ns, and the energy density thereof is 0.2 to 0.5 J. 

FIGS. 5A to 5D are views showing temperature changes when a laser beam is 
irradiated to a semiconductor film under conditions that the output time of a YAG 
laser is 27 ns 5 and the energy density thereof is 0.2 to 0.5 J. 

FIGS. 5E to 5H are views showing temperature changes when a laser beam is 
irradiated to a semiconductor film under conditions that the output time of the YAG 
laser is 50 ns, and the energy density thereof is 0.2 to 0.5 J. 

FIGS. 6A to 6C are views showing temperature changes when a laser beam is 
irradiated to a semiconductor film under conditions that the output time of a YAG 
laser is 100 ns, and the energy density thereof is 0.3 to 0.5 J. 

FIGS. 6D to 6F are views showing temperature changes when a laser beam is 
irradiated to a semiconductor film under conditions that the output time of the YAG 
laser is 200 ns, and the energy density thereof is 0.4 to 0.6 J. 

FIGS. 7 A to 7G are views showing temperature changes when a laser beam is 
irradiated to a semiconductor film under conditions that the output time of an excimer 
laser is 27 ns and the energy density thereof is 0.1 to 0.5 J. 

FIGS. 8A to 8D are views showing pulse shapes of a YAG laser used for a 
simulation. 

FIGS. 9 A to 9F are views showing temperature changes when a YAG laser 
having the pulse shape shown in FIG. 8A is irradiated to a silicon film having the 
structure shown in FIG. 3 under conditions that energy density is 0.05 to 0.4 J. 

FIGS. 10A to 10C are views showing temperature changes when a 
semiconductor film is irradiated with a laser beam under conditions that a YAG laser 
beam is divided into two pulses, one of the pulses is delayed from the other of the 



pulses by 10 ns, and the energy density is made 0.2 to 0.4 J. 

FIGS. 10D to 10F are views showing temperature changes when a 
semiconductor film is irradiated with a laser beam under conditions that the YAG laser 
beam is divided into two pulses, one of the pulses is delayed from the other of the 
pulses by 20 ns, and the energy density is made 0.2 to 0.4 J. 

FIGS. 11A to 11C are views showing temperature changes when a 
semiconductor film is irradiated with a laser beam under conditions that a YAG laser 
beam is divided into two pulses, one of the pulses is delayed from the other of the 
pulses by 30 ns, and the energy density is made 0.2 to 0.4 J. 

FIG. 12 is a view showing a temperature change of an under film at the 
crystallization start time of a semiconductor film with respect to an output time of a 
YAG laser. 

FIG. 13 is a view showing a silicon film after irradiation of a single pulse. 

FIG. 14 is a view showing a silicon film after irradiation of double pulses. 

FIG. 15 is a view showing maximum grain sizes of crystal grains formed by 
irradiation of a single pulse and double pulses to a silicon film. 

FIG. 16 is a view showing an example of a structure of a laser irradiation 
apparatus. 

FIGS. 17A to 17C are sectional views showing manufacturing steps of a pixel 
TFT and TFTs of a driving circuit. 

FIGS. 18A to 18C are sectional views showing manufacturing steps of the 
pixel TFT and the TFTs of the driving circuit. 

FIGS. 19A and 19C are sectional views showing manufacturing steps of the 
pixel TFT and the TFTs of the driving circuit. 

FIG. 20 is a sectional view showing a manufacturing step of the pixel TFT and 
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the TFTs of the driving circuit. 

FIG. 21 is a top view showing a structure of a pixel TFT. 

FIG. 22 is a sectional view showing a manufacturing step of an active matrix 
type liquid crystal display device. 

FIG. 23 is a sectional structural view of a driving circuit and a pixel portion of 
a light-emitting device. 

FIG. 24A is a top view of a light-emitting device. 

FIG. 24B is a sectional structural view of a driving circuit and a pixel portion 
of the light-emitting device. 

FIGS. 25 A to 25F are views showing examples of semiconductor devices. 

FIGS. 26A to 26D are views showing examples of semiconductor devices. 

FIGS. 27A to 27C are views showing examples of semiconductor devices. 

FIG. 28 is a view for explaining a melting time and a crystallization time. 

FIG. 29 is a view showing an example of a structure of a laser irradiation 
apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(Embodiment Mode 1 ) 

An embodiment mode for carrying out the invention will be described. 

FIG. 1 is a view showing an example of a structure of a laser irradiation 
apparatus of the present invention. This laser irradiation apparatus includes a solid 
laser oscillator 101, reflecting mirrors 102, 103, 108, 109, 1 1 1 to 1 14,aU2 plate 105. 
thin film polarizing elements (TFP: Thin Film Polarizer) 106 and 107. and an optical 
system 110 for forming a laser beam into a linear shape. Reference numeral 104 
designates an energy monitor system; and 1 15, a shutter system. 
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A laser beam from the laser oscillator 101 is totally reflected by the reflecting 
mirrors 102 and 103, and reaches the 7J2 plate 105. The intensity distribution ratio of 
beams separated by the TFP can be arbitrarily changed by arranging the X/2 plate 1 05 
on an optical path. 

If the TFP 106 is arranged so that the incident angle of the laser beam becomes 
the Brewster angle, since reflected light of the p-component (component of an electric 
field vector vibrating on an incident plane (plane determined by an incident light beam 
and an incident normal)) of the laser beam becomes 0. the p-component of the laser 
beam is transmitted through the TFP, and only the s-component (component vibrating 
on a plane vertical to the incident plane) of the laser beam is totally reflected. The 
transmitted p-component of the laser beam is irradiated to a substrate via the reflecting 
mirrors 108 and 109 and the optical system 110. 

On the other hand, the totally reflected s-component of the laser beam passes 
the reflecting mirrors 111 to 114, and then, is totally reflected by the TFP 107 
arranged such that the incident angle becomes the Brewster angle, and is irradiated to 
the substrate via the reflecting mirrors 108 and 109 and the optical system 110. The 
s-component of the laser beam passes the reflecting mirrors 1 1 1 to 1 14, so that an 
optical path length is added to only the s-component of the laser beam, and there arises 
an optical path difference between the s-component and the p-component of the laser 
beam having passed through the TFP 106. A value obtained by dividing the optical 
path length by light speed becomes a time difference between the p-component and 
the s-component when they are irradiated to the substrate. That is. one pulse laser 
beam is divided into two pulses, and an optical path difference is provided to one of 
the pulses, so that the substrate can be irradiated with the pulses while one of the 
pulses is delayed from the other of the pulses, and the cooling speed of the 
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semiconductor film can be made gentle. Thus, the creation density of crystal nuclei 
becomes low and the crystallization time becomes long, so that a crystal grain of a 
large grain size can be formed. 

In this embodiment mode of the invention, a laser beam is divided by the s- 
5 component and the p-component as polarized components of the laser beam. Since the 
s-component and the p-component are components independent of each other, 
interference does not occur when they are synthesized. Thus, in the case where a laser 
oscillator having a high interference property is used, it is one of very effective 
dividing methods. Besides, in the case where the s-component and the p-component 

10 of laser beams oscillated from different laser oscillators are synthesized, a synthesizing 
method becomes easy. For example, if another laser oscillator is installed instead of 
the mirror 1 14 of FIG. 1, the respective laser beams can be synthesized. 

Incidentally, in this embodiment mode of the invention, although the division 
number of one laser beam is made two, the division number is not limited to two as 

15 long as it is plural, and the energy density of each of the divided pulses may not be 
equal to each other. In this embodiment mode, the energy density can be changed by 
the A/2 plate 105. For example, in the case where the energy density of the laser beam 
of the first pulse is higher than the energy density of the laser beam of the second or 
subsequent pulse, since the melting time becomes long, the cooling speed can be made 

20 slow. In the case where the energy density of the laser beam of the second or 
subsequent pulse is higher than the energy density of the laser beam of the first pulse, 
since the semiconductor film is heated by the laser beam of the first pulse, further 
enlargement of the grain size can be expected. The optimum values of the added 
optical path length and the division number of the laser beam are different according 

25 to the state of the semiconductor film, the kind of the laser oscillator, and the like. 
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(Embodiment Mode 2) 

In this embodiment mode for carrying out the invention, an embodiment mode 
different from Embodiment Mode 1 will be described. In this embodiment mode, an 
example of a laser irradiation apparatus using a plurality of laser oscillators will be 
described. 

FIG. 2 is a view showing an example of a structure of a laser irradiation 
apparatus of the present invention. This laser irradiation apparatus includes laser 
oscillators 121a and 121b, reflecting mirrors 122, 124 and 125. a TFP 123. and an 
optical system 126 for forming a laser beam into a linear shape. 

Laser beams are simultaneously oscillated from the laser oscillators 121a and 
121b. Although not shown, it is assumed that a TFP is used so that a laser beam 1 
emitted from the laser oscillator 121a has only the s-component, and a laser beam 2 
emitted form the laser oscillator 121b has only the p-component. After being totally 
reflected by the reflecting mirror 122, the laser beam 1 reaches the TFP 123. On the 
other hand, the laser beam 2 reaches the TFP 1 23 without passing the reflecting mirror 
and the like. Thus, between the laser beam 1 and the laser beam 2, an optical path 
difference is produced by a distance between the reflecting mirror 122 and the TFP 
123, and a time difference occurs when the beams reach a substrate, so that the 
cooling speed of a semiconductor film becomes gentle. Thus, the creation density of 
crystal nuclei becomes low and the crystallization time becomes long, so that a crystal 
grain of a large grain size can be formed. Besides, by changing the distance between 
the reflecting mirror 122 and the TFP 123, the optical path difference between the 
laser beams emitted from the laser oscillators 121a and 121b can be arbitrarily- 
changed. 

Further, there is also a method in which when the laser beams are oscillated 
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from the laser oscillators 121a and 121b, for example, after the laser oscillator 121b 
is oscillated, the laser oscillator 121a is oscillated. As compared with the case where 
the laser oscillators 121a and 121b are simultaneously oscillated, since it is not 
necessary to form the optical path difference of the reflecting mirror 1 22 and the TFP 
123, a compact laser irradiation apparatus is formed. 

As in this embodiment mode of the invention, in the case where the s- 
component and the p-component of the laser beams oscillated from the different laser 
oscillators are synthesized, the synthesizing method becomes easy. Thus, an optical 
system does not become complicated, and this is very effective in optical adjustment, 
miniaturization of an apparatus, and the like. 

Incidentally, in this embodiment mode of the invention, although two laser 
oscillators are used, the number is not limited to two as long as it is plural, and the 
energy density of each of a plurality of pluses may not be equal to each other. Besides, 
the optimum values of the added optical path length, the number of the laser 
oscillators, and the like are different by the state of the semiconductor film, the kind 
of the laser oscillator, and the like. 

(Embodiment Mode 3) 

In this embodiment mode for carrying out the invention, an embodiment mode 
different from Embodiment Mode 1 and Embodiment Mode 2 will be described. In 
this embodiment mode, an example of a laser irradiation apparatus using a plurality 
of laser oscillators will be described. 

FIG. 29 is a view showing an example of a structure of a laser irradiation 
apparatus of the present invention. This laser irradiation apparatus includes laser 
oscillators 221a and 221b. and an optical system 226 for forming a laser beam into a 
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linear shape. 

Laser beams are oscillated from the laser oscillators 22 1 a and 22 1 b while a time 
difference is produced by an apparatus (not shown) for controlling oscillation of a 
laser. Although optical path lengths from the laser oscillators 221a and 221b to the 
optical system 226 are equal to each other, since times at which the laser beams are 
oscillated are different from each other, a time difference occurs when the beams reach 
a substrate, and the cooling speed of a semiconductor film becomes gentle. Thus, the 
creation density of crystal nuclei becomes low and the crystallization time becomes 
long, so that a crystal grain of a large grain size can be formed. Besides, by changing 
the time difference in the oscillation of the laser beams from the laser oscillators 22 la 
and 221b, the time difference between the respective laser beams reaching the 
substrate can be arbitrarily changed. 

In this embodiment mode of the invention, since the optical path difference is 
not formed by adding an optical path length from at least one laser oscillator of the 
plurality of laser oscillators to the substrate, a compact laser irradiation apparatus is 
obtained. 

Incidentally, in this embodiment mode of the invention, although two laser 
oscillators are used, the number is not limited to two as long as it is plural, and the 
energy density of each of the plurality of laser beams may not be equal to each 
other. 

The present invention having the above constitution will be described further 
in detail on the basis of embodiments described below. 

[Embodiment 1] 

Embodiments of the present invention is explained. 
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Fig. 1 is a diagram showing an example of a structure of a laser irradiation 
apparatus of the present invention. The laser irradiation apparatus has the solid state 
laser oscillator 101, the reflective mirrors 102, 103, 108. 109, and 1 11 to 1 15, the A/2 
plate 105, the thin film polarizers (TFPs) 106 and 107, and the optical system 1 1 0 for 
processing laser light into a linear shape. Further, reference numeral 104 denotes the 
energy monitor system, and reference numeral 1 15 denotes the shutter system. A 
YAG laser is used as the solid state laser oscillator in the embodiment 1, and the 
output time of the laser light having the YAG laser as an oscillation source is 6.7 
ns. 

Laser light from the laser oscillator 101 is reflected by the reflective mirrors 
102 to 104, and arrives at the X/2 plate 105. By arranging the A/2 plate 105 in the 
optical path, the strength distribution ratio of beams separated by the TFP 106 can be 
arbitrarily changed. The strengths of the two laser lights formed by division using the 
TFP 1 06 are made to be the same in the embodiment 1 . 

Provided that the TFP 106 is arranged so that the angle of incidence of the laser 
light becomes the Brewster angle, the amount of reflected light from the laser light 
having p components, becomes zero (components in which the electric field vector 
oscillates within the plane of incidence). The p components of the laser light therefore 
pass through the TFP, and only the s components of the laser light (components in 
which the electric field vector oscillates within a plane vertical to the plane of 
incidence) are reflected. The p components of the transmitted laser light are irradiated 
on a substrate via the reflective mirrors 108 and 109, and the optical system 1 10. 

On the other hand, the s components of the reflected laser light are reflected by 
the TFP 1 07. arranged so that the angle of incidence becomes the Brewster angle, after 
passing through the reflective mirrors 111 to 114, and are irradiated to the substrate 
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via the reflective mirrors 108 and 109, and the optical system 1 10. By passing the s 
components of the laser light through the reflective mirrors 111 to 1 14. a light pass 
length of only the s components of the laser light is lengthened, and an optical path 
difference with the p components of the laser light that have passed through the TFP 
106 is obtained. A difference in time equal to the value of the lengthened optical path 
length divided by the speed of light is thus formed between the s components and the 
p components when the laser light is irradiated to the substrate. Namely, when one 
laser pulse is separated into two pulses and an optical path length becomes lengthened 
in one pulse, that pulse can be delayed longer than the other pulse during irradiation 
of a substrate, and the cooling speed of a semiconductor film can be made slower. 
The density of nuclei generated therefore becomes lower, the crystallization time 
becomes longer, and consequently large size crystal grains can be formed. 

Further, a simulation was performed for the laser irradiation apparatus having 
the structure of the embodiment 1 in which, after irradiating one of the pulses divided 
to a silicon film, the other pulses are given delays of 10. 20. and 30 ns and irradiated 
to the silicon film. It is known that 

delay time = optical path difference / speed of light 

and therefore in order to form delays of 10 ns, the optical path length becomes 

10 x 10" 9 [s ] x 3 x 10 8 [m/s] = 3 [m] 

In other words, the s components of the laser light are irradiated on the surface 
to be irradiated with a delay of 10 nm after the p components of the laser light 



provided that the difference between the optical path length from the TFP 106 to the 
TFP 107 via the reflective mirrors 111 to 114 (the optical path length taken by the s 
components of the laser light in the embodiment 1). and the optical path length from 
the TFP 106 to the TFP 107 (the optical path length taken by the p components of the 
5 laser light in the embodiment 1) in Fig. 1 is set to 3 m. 

The pulse shape of the laser light emitted from the laser oscillators is shown in 
Fig. 8A. The pulse shown by Fig. 8A is divided into two, and pulse shapes having 
delays of 10. 20, and 30 ns are as shown in Figs. 8B to 8D. respectively. Calculations 
1^ were performed with the second harmonics of the YAG laser with the pulse shapes 

O io shown by Figs. 8B to 8D irradiated to a silicon film with the structure shown in Fig. 

W 

-P 3, and temperature versus time was found for the points A to C of Fig. 3. Results are 
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shown in Figs. lOAto 10C, Figs. lODto 1 OF, and in Figs. HAto 1 1C. Note that, for 

comparison, simulation results for time versus temperature at the points A to C of Fig. 

fU 

pj 3 are shown in Fig. 9, for the second harmonic of the YAG laser, having the pulse 

a 

O 15 shape shown in Fig. 8 A, irradiated to the silicon film having the structure shown in 

Fig. 3. The energy density was varied from 0.2 to 0.4 J here. The crystallization time 
and the melting time are short, and in particular, in the condition with low energy 
density, the temperature of the point C does not follow changes in the temperature of 
point A in Figs. 9A to 9F. However, it can be seen that there is a tendency for the 
20 crystallization time and the melting time to become longer along with lengthening 
delay time. In other words, the cooling speed becomes slower by delaying, and then 
irradiating, one pulse after irradiation of the other pulse. The density of generated 
crystal nuclei therefore becomes lower, and the crystallization time becomes longer, 
and crystal grains having large size can be formed. If the TFT is formed by using the 
25 crystalline semiconductor film thus formed, the electrical characteristic of the above- 
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mentioned TFT become excellent. 

Note that although the two laser lights are formed so as to have the same 
strengths in the embodiment 1 , of course they may also be different. After irradiating 
the p components of the laser light on the semiconductor film in the embodiment 1. 
the s components of the laser light, which have an optical path length made longer by 
the reflective mirrors 111 to 114, are then irradiated to the semiconductor film. If the 
p components of the laser light are stronger than the s components, it is preferable to 
irradiate the s components of the laser light before the semiconductor film melted by 
the p components of the laser light begins to crystallize. Further, if the strength of the 
p components of the laser light are weaker than the s components of the laser light, it 
is preferable that the semiconductor film melt after the s components of the laser light 
be irradiated, 

[Embodiment 2] 

In this embodiment, a crystal grain obtained when a laser beam is irradiated to 
a semiconductor film by using the laser irradiation apparatus of the embodiment 1 will 
be described. 

First, a semiconductor film is formed on a substrate. In this embodiment, a 
1 737 glass substrate of Corning Inc. was prepared as the substrate, and an amorphous 
silicon film having a thickness of 54 nm was formed by using a plasma C VD method. 
Subsequently, crystallization of the semiconductor film is performed by a laser 
annealing using a laser beam. When crystallization is performed by the laser 
annealing, it is desirable that hydrogen contained in the semiconductor film is released 
in advance, and it is appropriate that the film is exposed to a nitrogen atmosphere at 
400 to 500 °C for about one hour so that a hydrogen content is made 5 atom% or less 



in advance. By this, laser-proof property of the film is remarkably improved. In this 
embodiment, the substrate was exposed to the nitrogen atmosphere of a temperature 
of 500°C for one hour. 

Then, crystallization of the semiconductor film is performed by using the laser 
irradiation apparatus having the structure of FIG. 1 . In this embodiment, a laser beam 
was divided into two parts having the same energy by the 7J2 plate 105 and the thin 
film polarizing element 106 so that double pulses were formed, and after one of the 
divided pulses was irradiated to the semiconductor film, the other of the pluses was 
irradiated after a delay of 1 0 ns. For comparison, a laser beam was not divided but was 
irradiated, as a single pulse, to the semiconductor film. Besides, irradiation was also 
repeatedly performed at the same irradiation position while the number of shots was 
changed. 

The results of the experiments are shown in FIGS. 13 and 14. FIGS. 13 and 14 
show examples of results of observation by a SEM with a magnification of fifty 
thousand after seco-etching is performed to the semiconductor film subsequent to laser 
irradiation. FIG. 13 shows a semiconductor film after the irradiation of 20 shots of 
single pulses, and FIG, 1 4 shows a semiconductor film after the irradiation of 1 2 shots 
of double pulses. From FIGS. 13 and 14, it is understood that a crystal grain of a 
larger grain size can be obtained when the irradiation is performed after the laser beam 
is divided into two parts. FIG. 15 shows results of measurement of maximum grain 
sizes of crystal grains formed when the number of shots is changed. Also from FIG. 
15, it is understood that a crystal grain of a larger grain size can be obtained when 
irradiation is performed after the laser beam is divided into two parts. 

As described above, it is also experimentally confirmed that when a laser beam 
is divided and is irradiated to a semiconductor film, a crystal grain of a large size is 



formed. If a TFT is manufactured by using a crystalline semiconductor film formed 
in this way, the electrical characteristics of the TFT become excellent. 

[Embodiment 3] 

An embodiment differing from the embodiment 1 is explained in the 
embodiment 3. An example of a laser irradiation apparatus using a plurality of laser 
oscillators is shown in the embodiment 3. 

Fig. 2 is a diagram showing an example of a structure of a laser irradiation 
apparatus of the present invention. The laser irradiation apparatus has the laser 
oscillators 121aand 121b, the reflective mirrors 122, 124, and 125,theTFP 123. and 
the optical system 126 for processing laser light into a linear shape. Two YAG lasers 
are used as the laser oscillators in the embodiment 3. 

Laser light is emitted at the same time from the laser oscillators 121a and 121b. 
Although not shown in the figure, by using a TFP, the first laser light 1 emitted from 
the laser oscillator 121a is made to have only s components, and the second laser light 
2 emitted form the laser oscillator 1 2 1 b is made to have only p components. The laser 
light 1 is reflected by the reflective mirror 122, after which it arrives at the TFP 123. 
The laser light 2. on the other hand, arrives at the TFP 123 without going by way of 
reflective mirrors and the like. An optical path difference is thus formed between the 
laser light 1 and the laser light 2 in accordance with the distance between the reflective 
mirror 122 and the TFP 123. A difference in time required to reach a substrate 
develops, and the cooling speed of a semiconductor film becomes slower. The density 
of crystal nuclei that develop therefore becomes lower, and the cry stallization time 
becomes longer, and large size cry stal grains can be formed. Furthermore, the optical 
path difference between the laser lights emitted from the laser oscillators 121a and 



121b can be arbitrarily changed by changing the distance between the reflective mirror 
122 and the TFP 123. 

In addition, there is also a method for oscillating the laser oscillator 121a. for 
example, after oscillating the laser oscillator 121b, when emitting laser light from the 
laser oscillators 121a and 121b. Compared to having simultaneous laser light 
emission from the laser oscillators 121a and 121b, optical path differences between 
the reflective mirror 122 and the TFP 123 need not be formed with this method, 
resulting in a compact laser irradiation apparatus. 

[Embodiment 4] 

An example of a laser irradiation apparatus combining the embodiment 1 and 
the embodiment 2 is shown in the embodiment 4. 

Fig. 13 is a diagram showing an example of a structure of a laser irradiation 
apparatus of the present invention. The laser irradiation apparatus has solid state laser 
oscillators 13 la and 131b, reflective mirrors 132, 138. 139. and 141 to 145. aX/2 plate 
135, thin film polarizers (TFPs) 133, 136, 137, and an optical system 140 for 
processing laser light into a linear shape. Further, reference numeral 104 denotes the 
energy monitor system, and reference numeral 145 denotes a shutter system. Two 
YAG lasers are used as the solid state laser oscillators in the embodiment 4. 

Laser light is emitted at the same time from the laser oscillators 131a and 131b. 
Although not shown in the figure, by using a TFP, the first laser light 1 emitted from 
the laser oscillator 1 3 1 a is made to have only s components, and the second laser light 
2 emitted form the laser oscillator 13 lb is made to have only p components. The laser 
light 1 is reflected by the reflective mirror 132, after which it arrives at the TFP 1 33. 
The laser light 2. on the other hand, arrives at the TFP 1 33 without going by way of 



reflective mirrors and the like. An optical path difference is thus formed between the 
laser light 1 and the laser light 2 in accordance with the distance between the reflective 
mirror 132 and the TFP 133, and a difference in time for reaching the substrate 
develops. 

Provided that the TFP 1 36 is arranged so that the angle of incidence of the laser 
light becomes the Brewster angle, the amount of reflected light from the laser light 
having p components, becomes zero (components in which the electric field vector 
oscillates within the plane of incidence). The p components of the laser light therefore 
pass through the TFP, and only the s components of the laser light (components in 
which the electric field vector oscillates within a plane vertical to the plane of 
incidence) are reflected. The p components of the transmitted laser light are irradiated 
on a substrate via the reflective mirrors 138 and 139, and the optical system 140. 

On the other hand, the s components of the reflected laser light are reflected by 
the TFP 137, arranged so that the angle of incidence becomes the Brewster angle, after 
passing through the reflective mirrors 141 to 144, and are irradiated to the substrate 
via the reflective mirrors 138 and 139, and the optical system 140. By passing through 
the reflective mirrors 141 to 144, only the s components of the laser light have an 
optical path length that becomes lengthened, and an optical path difference with the 
p components of the laser light which pass through the TFP 136 is formed. 

A difference in time for the laser lights arriving at the substrate therefore 
develops in the embodiment 3 due to the optical path difference caused by the distance 
between the reflective mirror 132 and the TFP 133, and by the optical path difference 
due to the reflective mirrors 141 to 144, and the cooling speed of the semiconductor 
film can be made slower. The density of crystal nuclei that develop consequently 
becomes less, and the crystallization time becomes longer, and therefore crystal grains 
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having a large grain size can be formed. By forming the TFT by using the crystalline 
semiconductor film fabricated in this way, the electronic properties of the above- 
mentioned TFT can be promoted. 

[Embodiment 5] 

In this embodiment, the manufacturing method of the active matrix substrate 
is explained using Figs. 17 to 21. 

First, in this embodiment, a substrate 300 is used, which is made of glass such 
as barium borosilicate glass or aluminum borosilicate, represented by such as Corning 
#7059 glass and #1737 glass. Note that, as the substrate 300, a quartz substrate, a 
silicon substrate, a metallic substrate or a stainless substrate on which is formed an 
insulating film. A plastic substrate with heat resistance to a process temperature of 
this embodiment may also be used. 

Then, a base film 30 1 formed of an insulating film such as a silicon oxide film, 
a silicon nitride film or a silicon oxynitride film is formed on the substrate 300. In this 
embodiment, a two-layer structure is used as the base film 301 . However, a single- 
layer film or a lamination structure consisting of two or more layers of the insulating 
film may be used. As a first layer of the base film 30 1 , a silicon oxynitride film 30 1 a 
is formed with a thickness of 10 to 200 nm (preferably 50 to 100 nm) with a plasma 
CVD method using SiH 4 , NH 3 , and N 2 0 as reaction gas. In this embodiment, the 
silicon oxynitride film 301a (composition ratio Si = 32%. O = 27%, N = 24% and H 
= 17%) with a film thickness of 50 nm is formed. Then, as a second layer of the base 
film 301, a silicon oxynitride film 301b is formed and laminated into a thickness of 
50 to 200 nm (preferably 100 to 1 50 nm) with a plasma CVD method using SiH 4 and 
N-,0 as reaction gas. In this embodiment, the silicon oxynitride film 301b 
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(composition ratio Si = 32%, O = 59%, N = 7% and H = 2%) with a film thickness of 
100 nm is formed. 

Subsequently, semiconductor layer 302 are formed on the base film. The 
semiconductor layer 302 are formed from a semiconductor film with an amorphous 
5 structure which is formed by a known method (such as a sputtering method, an 
LPCVD method, or a plasma CVD method) into the thickness of from 25 to 80 nm 
(preferably 30 to 60 nm). The material of the crystalline semiconductor film is not 
particularly limited, but it is preferable to be formed of silicon, a silicon germanium 
(SiGe) alloy, or the like. In this embodiment, 55 nm thick amorphous silicon film is 

10 formed by a plasma CVD method. 

The semiconductor film is crystallized next. The laser annealing is applied to 
crystallization of the semiconductor film. Further, other than laser annealing, thermal 
crystallization or thermal crystallization using nickel as a catalyst are applicable tor 
a crystrallization of the semiconductor film. The crystallization of the semiconductor 

15 film is subjected by a method of combination in which laser annealing and one of 
these crystallization methods above. The laser annealing is implemented by applying 
the present invention. For example, the laser light, by which a solid laser ( YAG laser. 
YV0 4 laser or the like) is set as a light source, is divided into a plurality of laser light. 
The optical path length of a laser light or more to the irradiation surface is made 

20 longer than that of the other laser light to the above-mentioned irradiation surface, and 
the laser light is irradiated to the semiconductor film. In this embodiment, after the 
substrate is exposed in the nitrogen atmosphere of 500 C C temperature for 1 hour, the 
crystallization of the semiconductor film is conducted by using the laser irradiation 
device shown in Fig. 1 , whereby the crystalline semiconductor film having the crystal 

25 grains of large grain size is formed. Here, the YAG laser is used for the laser 
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oscillator. The laser light modulated into the second harmonic by nonlinear optical 
element is processed into the linear beam by an optical system and irradiated to the 
semiconductor film. When the linear beam in irradiated to the semiconductor film, 
although the overlap ratio can be set from 50 to 98%, the ratio may be set suitably by 
the operator because the optimum conditions are different according to the state of the 
semiconductor film and the delay time of the laser light. 

Thus formed the crystalline semiconductor film is patterned into the desired 
shape to form the semiconductor layers 402 to 406. In this embodiment, the 
crystalline silicon film is processed patterning by using the photolithography to form 
the semiconductor layer 402 to 406. 

Further, after the formation of the semiconductor layer 402 to 406, a minute 
amount of impurity element (boron or phosphorus) may be doped to control a 
threshold value of the TFT. 

A gate insulating film 407 is then formed for covering the semiconductor layers 
402 to 406. The gate insulating film 407 is formed of an insulating film containing 
silicon by a plasma CVD method or a sputtering method into a film thickness of from 
40 to 150 nm. In this embodiment, the gate insulating film 407 is formed of a silicon 
oxynitride film into a thickness of 1 10 nm by a plasma CVD method (composition 
ratio Si = 32%, O = 59%. N = 7%, and H = 2%). Of course, the gate insulating film 
is not limited to the silicon oxynitride film, and an other insulating film containing 
silicon may be used as a single layer or a lamination structure. 

Besides, when the silicon oxide film is used, it can be possible to be formed by 
a plasma CVD method in which TEOS (tetraethyl orthosilicate) and 0 2 are mixed and 
discharged at a high frequency ( 13.56 MHZ) power density of 0.5 to 0.8 W/cnr with 
a reaction pressure of 40 Pa and a substrate temperature of 300 to 400°C. Good 
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characteristics as the gate insulating film can be obtained in the manufactured silicon 
oxide film thus by subsequent thermal annealing at 400 to 500°C. 

Then, as shown in Fig. 17B, on the gate insulating film 407, a first conductive 
film 408 with a thickness of 20 to 100 nm and a second conductive film 409 with a 
thickness of 100 to 400 nm are formed and laminated. In this embodiment, the first 
conductive film 408 of TaN film with a film thickness of 30 nm and the second 
conductive film 409 of a W film with a film thickness of 370 nm are formed into 
lamination. The TaN film is formed by sputtering with a Ta target under a nitrogen 
containing atmosphere. Besides, the W film is formed by the sputtering method with 
a W target. The W film may be formed by a thermal CVD method using tungsten 
hexafluoride (WF 6 ). Whichever method is used, it is necessary to make the material 
have low resistance for use as the gate electrode, and it is preferred that the resistivity 
of the W film is set to less than or equal to 20 |uf2cm. By making the crystal grains 
large, it is possible to make the W film have lower resistivity. However, in the case 
where many impurity elements such as oxygen are contained within the W film, 
crystallization is inhibited and the resistance becomes higher. Therefore, in this 
embodiment, by forming the W film by a sputtering method using a W target with a 
high purity of 99.9999% and in addition, by taking sufficient consideration to prevent 
impurities within the gas phase from mixing therein during the film formation, a 
resistivity of from 9 to 20 jiQcm can be realized. 

Note that, in this embodiment, the first conductive film 408 is made of TaN. 
and the second conductive film 409 is made of W, but the material is not particularly 
limited thereto, and either film may be formed of an element selected from the group 
consisting of Ta. W, Ti. Mo. Al. Cu. Cr, and Nd, or an alloy material or a compound 
material containing the above element as its main constituent. Besides, a 
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semiconductor film, typified by a polycrystalline silicon film doped with an impurity 
element such as phosphorus, may be used. Further, an AgPdCu alloy may be used. 
Besides, any combination may be employed such as a combination in which the first 
conductive film is formed of tantalum (Ta) and the second conductive film is formed 
of W, a combination in which the first conductive film is formed of titanium nitride 
(TiN) and the second conductive film is formed of W, a combination in which the first 
conductive film is formed of tantalum nitride (TaN) and the second conductive film 
is formed of Al, or a combination in which the first conductive film is formed of 
tantalum nitride (TaN) and the second conductive film is formed of Cu. 

Next, masks 410 to 415 made of resist are formed using a photolithography 
method, and a first etching process is performed in order to form electrodes and 
wirings. This first etching process is performed with the first and second etching 
conditions. In this embodiment, as the first etching conditions, an ICP (inductively- 
coupled plasma) etching method is used, a gas mixture of CF 4? Cl 2 and 0 2 is used as 
an etching gas, the gas flow rate is set to 25/25/10 seem, and plasma is generated by 
applying a 500 W RF (13.56 MHZ) power to a coil shape electrode under 1 Pa. A dry- 
etching device with ICP (Model E645-DICP) produced by Matsushita Electric 
Industrial Co. Ltd. is used here. A 150 W RF (13.56 MHZ) power is also applied to 
the substrate side (test piece stage) to effectively apply a negative self-bias voltage. 
The W film is etched with the first etching conditions, and the end portion of the first 
conductive layer is formed into a tapered shape. 

Thereafter, the first etching conditions are changed into the second etching 
conditions without removing the masks 410 to 415 made of resist, a mixed gas of CF 4 
and Cl 2 is used as an etching gas. the gas flow rate is set to 30/30 seem, and plasma 
is generated by applying a 500 W RF (13.56 MHZ) power to a coil shape electrode 



under 1 Pa to thereby perform etching for about 30 seconds. A 20 W RF (13.56 
MHZ) power is also applied to the substrate side (test piece stage) to effectively a 
negative self-bias voltage. The W film and the TaN film are both etched on the same 
order with the second etching conditions in which CF 4 and Cl 2 are mixed. Note that, 
the etching time may be increased by approximately 10 to 20% in order to perform 
etching without any residue on the gate insulating film. 

In the first etching process, the end portions of the first and second conductive 
layers are formed to have a tapered shape due to the effect of the bias voltage applied 
to the substrate side by adopting masks of resist with a suitable shape. The angle of 
the tapered portions may be set to 1 5° to 45°. Thus, first shape conductive layers 4 1 7 
to 422 (first conductive layers 417a to 422a and second conductive layers 417b to 
422b) constituted of the first conductive layers and the second conductive layers are 
formed by the first etching process. Reference numeral 416 denotes a gate insulating 
film, and regions of the gate insulating film which are not covered by the first shape 
conductive layers 417 to 422 are made thinner by approximately 20 to 50 nm by 
etching. 

Then, a first doping process is performed to add an impurity element for 
imparting an n-type conductivity to the semiconductor layer without removing the 
mask made of resist (Fig. 1 8A). Doping may be carried out by an ion doping method 
or an ion implantation method. The condition of the ion doping method is that a 
dosage is 1 x 10 13 to 5 x 10 15 atoms/cm 2 , and an acceleration voltage is 60 to 100 keV. 
In this embodiment, the dosage is 1.5 x 10 15 atoms/cm 2 and the acceleration voltage 
is 80 keV. As the impurity element for imparting the n-type conductivity, an element 
which belongs to group 15 of the periodic table, typically phosphorus (P) or arsenic 
(As) is used, and phosphorus is used here. In this case, the conductive layers 4 1 7 to 



42 1 become masks to the impurity element for imparting the n-type conductivity, and 
high concentration impurity regions 306 to 3 10 are formed in a self-aligning manner. 
The impurity element for imparting the n-type conductivity is added to the high 
concentration impurity regions 306 to 3 10 in the concentration range of 1 x 1 0 20 to 1 
x 10 2f atoms/cm 3 . 

Thereafter, a second etching process is performed without removing the masks 
made of resist. A mixed gas of CF 4 , Cl 2 and 0 2 may be used as etching gas used and 
the W film is selectively etched. The second conductive layers 428b to 433b are 
formed by a second etching process. On the other hand, the first conductive layers 
417a to 422a are hardly etched, and the second conductive layers 428 to 433 are 
formed. 

Next, a second doping process is performed as shown in Fig. I8B without 
removing the masks from resists. The impurity elements which imparts n-type 
conductivity is doped under the condition that the dose amount is lower than that of 
a first doping process with an acceleration voltage 70 to 120 keV. In this 
embodiment, the dosage is 1.5 x 10 14 atoms/cm 2 , and the acceleration voltage is 90 
keV. The second doping process is using a second shaped conductive layers 428 to 
433 as masks, and the impurity elements is doped with a semiconductor layer at the 
below of the second conductive layers 428b to 433b. High concentration impurity 
regions 423a to 427a and low concentration impurity region 423b to 427b are newly 
formed. 

Next, after the masks are removed, masks 434a and 434b form resists are new ly 
formed, and the third etching process is performed as shown in Fig. 18C. A mixed gas 
of SF 6 and Cl 2 is used as an etching gas. the gas flow rate is set to 50/ 10 seem, and 
plasma us generated by applying a 500 W RF (13.56 MHZ) power to a coil shape 
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electrode under 1 Pa to thereby perform etching for about 30 seconds. A 10 W RF 
(13.56 MHZ) power is also applied to the substrate side (test piece stage) to effectively 
applied to a negative self-bias voltage. Thus the third shape conductive layers 435 to 
438 etching a TaN film of the p-channel type TFT and the TFT of the pixel portion 
(pixel TFT) by above-mentioned third etching process. 

Next, after removing the masks from resists, the insulating layers 439 to 444 
is formed, removing selectively the gate insulating film 416 and using the second 
shape conductive layer 428, 430 and the second shape conductive layers 435 to 438 
as a mask. (Fig. 19A) 

Successively, there is carried out a third doping processing by newly forming 
masks 445a to 445c comprising resists. By the third doping processing, there are 
formed impurity regions 446, 447 added with an impurity element for providing a 
conductive type reverse to the above-described one conductive type at semiconductor 
layers constituting activation layers of p-channel type TFTs. The impurity regions are 
formed self-adjustingly by adding the impurity element providing p-type by using the 
second conductive layers 435a, 438a as masks against the impurity element. In this 
embodiment, the impurity regions 446, 447 are formed by an ion doping process using 
diborane (B 2 H 6 ). (Fig. 19B) In the third doping processing, the semiconductor layers 
forming n-channel type TFTs are covered by the masks 445a to 445c comprising 
resists. Although the impurity regions 446, 447 are added with phosphorus at 
concentrations different from each other by the first doping processing and the second 
doping process, in any of the regions, by carrying out the doping processing such that 
the concentration of the impurity element for providing p-type falls in a range of 2 x 
10 20 through 2 x 10 2! atoms/cm 3 , the impurity regions function as source regions and 
drain regions of p-channel type TFTs and accordingly, no problem is posed. In this 



embodiment, portions of the semiconductor layers constituting activation layers of p- 
channel type TFTs are exposed and accordingly, there is achieved an advantage that 
the impurity element (boron) is easy to add thereto. 

The impurity regions are formed at the respective semiconductor layers by the 
above-described steps. 

Next, a first interlayer insulating film 461 is formed by removing the masks 
445a to 445c comprising resists. The first interlayer insulating film 461 is formed by 
an insulating film including silicon and having a thickness of 1 00 through 200 nm by 
using a plasma CVD process or a sputtering process. In this embodiment, a silicon 
oxynitride film having a film thickness of 150 nm is formed by a plasma CVD 
process. Naturally, the first interlayer insulating film 461 is not limited to the silicon 
oxynitride film but other insulating film including silicon may be used as a single layer 
or a laminated structure. 

Next as shown by Fig. 19C, there is carried out a step of activating the 
impurity elements added to the respective semiconductor layers. The activating step 
is carried out by a thermal annealing process using a furnace annealing furnace. The 
thermal annealing process may be carried out in a nitrogen atmosphere having an 
oxygen concentration equal to or smaller than 1 ppm, preferably, equal to or smaller 
than 0.1 ppm at 400 through 700°C representatively, 500 through 550°C and in this 
embodiment, the activation processing is carried out by a heat treatment at 550°C for 
4 hours. Further, other than the thermal annealing process, a laser annealing process 
or a rapid thermal annealing process (RTA process) is applicable. 

Further, in this embodiment, when the thermal crystallization is also applied 
using nickel or the like as a catalyst in the crystallizing step, the metal elements 
crystallized impurity regions 423a. 425a, 426a, 446a and 447a including a high 



concentration of phosphorus simultaneously with the activation processing. Therefore 
above-mentioned metal elements are gettered by the above mentioned impurity 
elements and a metal element concentration in the semiconductor layer mainly 
constituting a channel-forming region is reduced. According to TFT having the 
channel forming region fabricated in this way. the off current value is reduced, 
crystalline performance is excellent and therefore, there is provided high field effect 
mobility and excellent electric properties can be achieved. 

Further, the heat treatment may be carried out prior to forming the first 
interlayer insulating film. However, when a wiring material used is weak at heat, it 
is preferable to carry out the activation processing after forming the interlayer 
insulating film (insulating film whose major component is silicon, for example, silicon 
nitride film) for protecting wirings as in this embodiment. 

Further, there is carried out a step of hydrogenating the semiconductor layer by 
carrying out a heat treatment in an atmosphere including 3 to 100% of hydrogen at 
300 to 550°C for 1 through 12 hours. In this embodiment there is carried out a heat 
treatment in a nitrogen atmosphere including about 3% of hydrogen at 410°C for 1 
hour. The step is a step of terminating dangling bond of the semiconductor layer by 
hydrogen included in the interlayer insulating film. As other means of hydrogenation, 
there may be carried out plasma hydrogenation (using hydrogen excited by plasma). 

Further, when a laser annealing process is used as an activation processing, it 
is preferable to irradiate laser beam of YAG laser or the like after carrying out the 
hydrogenation. 

Next, there is formed a second interlayer insulating film 462 comprising an 
inorganic insulating material or an organic insulating material above the first interlayer 
insulating film 461 . In this embodiment, there is formed a acrylic resin film having 
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film thickness of 1 .6 |am and there is used a film having a viscosity of 1 0 to 1 000 cp. 
preferably, 40 through 200 cp and formed with projections and recesses at a surface 
thereof. 

In this embodiment, in order to prevent the mirror reflection, projection and 
recess portions are formed on the surfaces of the pixel electrodes by forming the 
second interlayer insulating film with projection and recess portions on the surface. 
Also, in order to attain light scattering characteristics by forming the projection and 
recess portions on the surfaces of the pixel electrodes, projection portions may be 
formed in regions below the pixel electrodes. In this case, since the same photomask 
is used in the formation of the TFTs, the projection portions can be formed without 
increasing the number of processes. Note that the projection portion may be suitably 
provided in the pixel portion region except for the wirings and the TFT portion on the 
substrate. Thus, the projection and recess portions are formed on the surfaces of the 
pixel electrodes along the projection and recess portions formed on the surface of the 
insulating film covering the projection portion. 

Also, a film with the leveled surface may be used as the second interlayer 
insulating film 462. In this case, the following is preferred. That is, after the 
formation of the pixel electrodes, projection and recess portions are formed on the 
surface with a process using a known method such as a sandblast method or an etching 
method. Thus, since the mirror reflection is prevented and reflection light is scattered, 
whiteness is preferably increased. 

Then, in a driver circuit 506, wirings 463 to 467 electrically connected with the 
respective impurity regions are formed. Note that those wirings are formed by 
patterning a lamination film of a Ti film with a film thickness of 50 nm and an alloy 
film (alloy film of Al and Ti) with a film thickness of 500 nm. 
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Also, in a pixel portion 507, a pixel electrode 470. a gate wiring 469, and a 
connection electrode 468 are formed (Fig. 20). By this connection electrode 468. an 
electrical connection between a source wiring (lamination layer of the impurity region 
443b and the first conductive layer 449) and the pixel TFT is formed. Also, an 
electrical connection between the gate wiring 469 and the gate electrode of the pixel 
TFT is formed. With respect to the pixel electrode 470, an electrical connection with 
the drain region 442 of the pixel TFT and an electrical connection with the 
semiconductor layer 458 which functions as one of electrodes for forming a storage 
capacitor are formed. It is desired that a material having a high reflectivity, such as 
a film containing Al or Ag as its main constituent, or a lamination film thereof, is used 
for the pixel electrode 470. 

Thus, the driver circuit 506 having a CMOS circuit formed by an n-channel 
TFT 501 and a p-channel TFT 502 and an n-channel type TFT 503, and the pixel 
portion 507 having a pixel TFT 504 and a retaining capacitor 505 can be formed on 
the same substrate. As a result, the active matrix substrate is completed. 

The n-channel type TFT 501 of the driver circuit 506 has a channel forming 
region 423c, a low concentration impurity region (GOLD region) 423b overlapping 
with the first conductive layer 428a constituting a portion of the gate electrode, and 
a high concentration impurity region 423a which functions as the source region or the 
drain region. The p-channel type TFT 502 forming the CMOS circuit by connecting 
with the n-channel type TFT 501 through an electrode 466 has a channel forming 
region 446d. an impurity region 446b, 446c formed outside the gate electrode, and a 
high concentration impurity region 446a which functions as the source region or the 
drain region. The n-channel type TFT 503 has a channel forming region 425c. a low 
concentration impurity region 425b (GOLD region) overlapping with the first 



conductive layer 430a comprising a part of the gate electrode, and a high 
concentration impurity region 425a which functions as the source region or the drain 
region. 

The pixel TFT 504 of the pixel portion includes a channel forming region 426c. 
a low concentration impurity region 426b (LDD region) formed outside the gate 
electrode, and the high concentration impurity region 426a functioning as a source 
region or a drain region. Besides, impurity elements imparting p-type conductivity are 
added to the respective semiconductor layers 447a, 447b functioning as one of the 
electrodes of the storage capacitor 505. The storage capacitor 505 is formed from the 
electrode (a lamination of 438a and 438b) and the semiconductor layers 447a to 447c 
using the insulating film 444 as a dielectric member. 

Further, in the pixel structure of this embodiment, an end portion of the pixel 
electrode is formed by arranging it so as to overlap with the source wiring so that the 
gap between the pixel electrodes is shielded from light without using a black 
matrix. 

A top view of the pixel portion of the active matrix substrate manufactured in 
this embodiment is shown in Fig. 2 1 . Note that, the same reference numerals are used 
to indicate parts corresponding Figs. 17 to 20. A dash line A - A* in Fig. 20 
corresponds to a sectional view taken along the line A - A* in Fig. 2 1 . Also, a dash 
line B - B' in Fig. 20 corresponds to a sectional view taken along the line B - B" in 
Fig. 21. 

This embodiment can be performed by freely combining with the embodiments 

1 to 4. 



[Embodiment 6] 
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In this embodiment, an explanation will be given as follows of steps of 
fabricating a reflection type liquid crystal display device from the active matrix 
substrate fabricated in the embodiment 5. Fig. 22 is used in the explanation. 

First, in accordance with the embodiment 5, there is provided the active matrix 
substrate in the state of Fig. 20 and thereafter, an alignment film 567 is formed above 
the active matrix substrate of Fig. 20, at least above the pixel electrode 470 and a 
rubbing processing is carried out. Further, in this embodiment, before forming the 
alignment film 567, by patterning an organic resin film such as an acrylic resin film, 
spacers in a columnar shape 572 are formed at desired positions in order to maintain 
an interval between substrates. Further, in place of the spacers in the columnar shape, 
spacers in a spherical shape may be scattered over an entire face of the substrate. 

Next, an opposed substrate 569 is prepared. Successively, there are formed 
color layers 570 and 571 and a leveling film 573. A light shielding portion is formed 
by overlapping the color layer 570 of red color and the color layer 572 of blue color. 
Further, the light shielding portion may be formed by overlapping portions of a color 
layer of red color and a color layer of green color. 

In this embodiment, there is used the substrate shown in the embodiment 4. 
Therefore, in Fig. 21 showing the top view of the pixel portion of the embodiment 4. 
it is necessary to shield at least a gap between the gate wiring 469 and the pixel 
electrode 470, a gap between the gate wiring 469 and the connection electrode 468 
and a gap between the connection electrode 468 and the pixel electrode 470. In this 
embodiment, the respective color layers are arranged such that the light shielding 
portions constituted by laminating the color layers overlap positions to be shielded and 
the opposed substrate is pasted thereto. 

A number of steps can be reduced by shielding the gaps among the respective 
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pixels by the light shielding portions constituted by laminating the color layers in this 
way without forming light shielding layers such as black masks. 

Next, the opposed electrode 576 constituted by a transparent conductive film 
is formed on the leveling film 573 at least at the pixel portion, an alignment film 574 
is formed over an entire face of the opposed substrate and the rubbing processing is 
carried out. 

Further, the active matrix substrate formed with the pixel portion and the drive 
circuit and the opposed substrate are pasted together by seal member 568. The seal 
member 568 is mixed with fillers, and the two substrates are pasted together at a 
uniform interval therebetween by the fillers and columnar shape spacers. Thereafter, 
the interval between the two substrates is injected with a liquid crystal material 575 
and is completely sealed by a seal agent (not illustrated). A well-known liquid crystal 
material may be used for the liquid crystal material 575. In this way, the reflection 
type liquid crystal display apparatus shown in Fig. 22 is finished. Further, as 
necessary, the active matrix substrate or the opposed substrate may be divided into a 
desired shape. Further, a polarizer (not illustrated) is pasted to only the opposed 
substrate. Further, FPC is pasted thereto by using well-known technology. 

Thus formed liquid crystal display device have a TFT formed by using the 
semiconductor film on which large size crystal grains are formed, and enough 
operation characteristics and reliability can be realized. The liquid crystal display- 
device fabricated in this way can be used as display portions of various electronic 
apparatus. 

This embodiment can be performed by freely combining with the embodiments 

1 to 5. 
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[Embodiment 7] 

In this embodiment, a description will be given of an example in which an EL 
(Electro Luminescence) display device is manufactured as a light-emitting device by 
using a manufacturing method of a TFT in manufacturing an active matrix substrate 
as described in the embodiment 5. The EL display device is a light-emitting device 
including, as a light source, a layer (EL element) containing an organic compound in 
which luminescence is obtained by application of an electric field. The EL of the 
organic compound includes light emission (fluorescence) obtained when a singlet 
excited state is returned to a ground state, and light emission (phosphorescence) 
obtained when a triplet excited state is returned to the ground state. FIG. 23 is a 
sectional view of a light emitting device of this embodiment. 

Incidentally, in the present specification, any layers formed between an anode 
and a cathode in a light-emitting element are defined as organic light-emitting layers. 
Specifically, the organic light-emitting layer includes a light-emitting layer, a hole 
injection layer, an electron injection layer, a hole transport layer, an electron transport 
layer, and the like. Basically, the light-emitting element has a structure in which an 
anode layer, a light-emitting layer, and a cathode layer are stacked in sequence, and 
in addition to this structure, the light-emitting layer may have a structure in which an 
anode layer, a hole injection layer, a light-emitting layer and a cathode layer, or an 
anode layer, a hole injection layer, a light-emitting layer, an electron transport layer, 
and a cathode layer are stacked in sequence. 

In FIG. 23. a switching TFT 603 provided on a substrate 700 is formed by 
using the n-channel TFT 503 of FIG. 22. Accordingly, the description of the n- 
channel TFT 503 may be referred to for a description of its structure. 

Incidentally, in this embodiment, although a double gate structure in which tw o 
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channel formation regions are formed is adopted, a single gate structure in which one 
channel formation region is formed or a triple gate structure in which three channel 
formation regions are formed may be adopted. 

A driving circuit provided on the substrate 700 is formed by using the CMOS 
circuit of FIG. 22. Accordingly, the description of the n-channel TFT 501 and the p- 
channel TFT 502 may be referred to for a description of its structure. Although this 
embodiment adopts the single gate structure, the double gate structure or the triple 
gate structure may be adopted. 

Besides, wiring lines 701 and 703 function as source wiring lines of the CMOS 
circuit, and a wiring line 702 functions as a drain wiring line. A wiring line 704 
functions as a wiring line for electrically connecting a source wiring line 708 and a 
source region of the switching TFT, and a wiring line 705 functions as a wiring line 
for electrically connecting a drain wiring line 709 and a drain region of the switching 
TFT. 

Incidentally, a current control TFT 604 is formed by using the p-channel TFT 
502 of FIG. 22. Accordingly, the description of the p-channel TFT 502 may be 
referred to for a description of its structure. Incidentally, although this embodiment 
adopts the single gate structure, the double gate structure or the triple gate structure 
may be adopted. 

A wiring line 706 is a source wiring line (equivalent to a current supply line) 
of the current control TFT. and a wiring line 707 is an electrode w hich overlaps w ith 
a pixel electrode 710 of the current control TFT so that it is electrically connected to 
the pixel electrode 710. 

Incidentally, reference numeral 7 1 0 designates the pixel electrode (anode of an 
EL element) made of a transparent conductive film. As the transparent conductive 
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film, a compound of indium oxide and tin oxide, a compound of indium oxide and 
zinc oxide, zinc oxide, tin oxide or indium oxide can be used. The transparent 
conductive film added with gallium may be used. The pixel electrode 710 is formed 
on a flat interlayer insulating film 711 before the wiring lines are formed. In this 
embodiment, it is very important to flatten stepped portions due to the TFTs by using 
the leveling film 71 1 made of resin. Since an EL layer formed later is very thin, there 
is a case where poor light emission occurs due to the existence of the stepped portions. 
Accordingly, it is desirable to perform flattening before the pixel electrode is formed 
so that the EL layer can be formed on the flattest possible surface. 

After the wiring lines 70 1 to 707 are formed, as shown in FIG. 23. a bank 7 1 2 
is formed. The bank 712 may be formed by patterning an insulating film having a 
thickness of 100 to 400 nm and containing silicon or an organic resin film. 

Incidentally, since the bank 712 is the insulating film, it is necessary to be 
cautious about electro-static damage of the element at the time of film growth. In this 
embodiment, carbon particles or metal particles are added in the insulating film as the 
material of the bank 7 1 2 to lower the resistivity and to suppress the generation of static 
electricity. At this time, it is appropriate that the addition amount of the carbon particle 
or the metal particle is adjusted so that the resistivity becomes 1 x 10 6 to 1 x 10 l2 Qm 
(preferably 1 x l0 8 to 1 x 10 ,0 Qm). 

An EL layer 713 is formed on the pixel electrode 710. Incidentally, although 
only one pixel is shown in FIG. 23, in this embodiment. EL layers corresponding to 
R (red), G (green) and B (blue) are separately formed. Besides, in this embodiment, 
a low molecular organic EL material is formed by an evaporation method. 
Specifically, a laminate structure is adopted in which a copper phthalocyanine (CuPc ) 
film having a thickness of 20 nm is provided as a hole injection layer, and a tris-8- 
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quinolinolato aluminum complex (Alq 3 ) film having a thickness of 70 nm is provided 
thereon as a light-emitting layer. The color of light emission can be controlled by 
adding a fluorescent pigment, such as quinacridone, perylene or DCM1, to Alq 3 . 

However, the above example is an example of the organic EL material which 
can be used for the EL layer, and it is not necessary to limit the invention to this. A 
light-emitting layer, a charge transport layer and a charge injection layer may be freely 
combined to form an EL layer (layer for light emission and movement of carriers for 
that). For example, although this embodiment shows the example in which the low- 
molecular organic EL material is used for the EL layer, a high molecular organic EL 
material may be used. Besides, an inorganic material such as silicon carbide can also 
be used for the charge transport layer or the charge injection layer. A well-known 
material can be used as the organic EL material or the inorganic material. 

Next, a cathode 714 made of a conductive film is provided on the EL layer 71 3. 
In the case of this embodiment, an alloy film of aluminum and lithium is used as the 
conductive film. Of course, a well-known MgAg film (alloy film of magnesium and 
silver) may be used. As the cathode material, a conductive film made of elements in 
group 1 or group 2 of the periodic table or a conductive film added with those 
elements may be used. 

An EL element 715 is completed at the point of time when the portions up to 
this cathode 714 are formed. Incidentally, the EL element 715 here indicates a diode 
formed of the pixel electrode (anode) 710, the EL layer 713. and the cathode 714. 

It is effective to provide a passivation film 716 so as to completely cover the 
EL element 715. The passivation film 716 is made of an insulating film containing a 
carbon film, a silicon nitride film, or a silicon nitride oxide film, and a single layer of 
the insulating film or a laminate layer of a combination of those films is used. 
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At this time, it is preferable to use a film excellent in coverage as the 
passivation film, and it is effective to use a carbon film, especially a DLC (diamond- 
like carbon) film. Since the DLC film can be formed in the temperature range of from 
room temperature to 100°C, it can be easily formed over the EL layer 713 which has 
5 low heat resistance. Besides, the DLC film has a high blocking effect against oxygen, 
and can suppress oxidation of the EL layer 713. Thus, it is possible to prevent such a 
problem that the EL layer 713 is oxidized during a period when a sealing step 
subsequent to this is performed. 

Further, a sealing member 717 is provided on the passivation film 7 1 6. and a 
J3 10 cover member 718 is bonded. An ultraviolet ray curing resin may be used for the 

sealing member 717, and it is effective to provide a material having a moisture 
absorption effect or a material having an anti-oxidation effect in its inside. Besides. 
j\ in this embodiment, what is obtained by forming carbon films (preferably diamond- 

py like carbon films) on both surfaces of a glass substrate, a quartz substrate or a plastic 

O 15 substrate (including a plastic film) is used as the cover member 718. 

In this way, the light-emitting device having the structure as shown in FIG. 23 
is completed. Incidentally, it is effective that the steps from the completion of the bank 
712 to the formation of the passivation film 716 are continuously performed by using 
a multi-chamber system (or an inline system) film forming apparatus and without 
20 exposing to the air. Moreover, it is also possible to continuously perform the steps up 
to the step of bonding the cover member 718 without exposing to the air. 

In this way, n-channel TFTs 601 and 602, the switching TFT (n-channel TFT) 
603, and the current control TFT (n-channel TFT) 604 are formed on the insulator 700 
using a plastic substrate as a parent substance. The number of masks required in the 
25 manufacturing process up to this is smaller than that of a general active matrix type 
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light-emitting device. 

That is, the manufacturing process of the TFT is greatly simplified, and the 
improvement of yield and the reduction of manufacturing costs can be realized. 

Further, as described with reference to FIG. 23, by providing the impurity 
region overlapping with the gate electrode through the insulating film, the n-channel 
TFT having high resistance against deterioration due to a hot carrier effect can be 
formed. Thus, a highly reliable light-emitting device can be realized. 

Besides, in this embodiment, although only the structure of the pixel portion 
and the driving circuit is shown, according to the manufacturing process of this 
embodiment, in addition to those, a signal dividing circuit, a D/A converter, an 
operational amplifier, and a logical circuit such as ay-correction circuit can be formed 
on the same insulator, and further, a memory and a microprocessor can also be 
formed. 

Further, the EL light-emitting device of this embodiment after the steps up to 
the sealing (or encapsulating) step for protecting the EL element are performed, will 
be described with reference to FIGS. 24A and 24B. Incidentally, as the need arises, 
reference numerals used in FIG. 23 are referred to. 

FIG. 24A is a top view showing a state where the steps up to the sealing of the 
EL element are performed, and FIG. 24B is a sectional view taken along line C-C of 
FIG. 24A. Reference numeral 801 of a portion indicated by a dotted line designates 
a source side driving circuit; 806, a pixel portion; and 807. a gate side driving circuit. 
Besides, reference numeral 90 1 designates a cover member: 902. a first seal member: 
and 903, a second seal member, and a sealing member 907 is provided in the inside 
surrounded by the first seal member 902. 

Incidentally, reference numeral 904 designates a wiring line for transmitting a 
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signal inputted to the source side driving circuit 801 and the gate side driving circuit 
807, which receives a video signal and a clock signal from an FPC (Flexible Printed 
Circuit) 905 as an external input terminal. Incidentally, here, although only the FPC 
is shown, a printed wiring board (PWB) may be fixed to the FPC. The light-emitting 
device in the present specification includes not only the body of the light-emitting 
device, but also a state where the FPC or the PWB is fixed to that. 

Next, a sectional structure will be described with reference to FIG. 24B. The 
pixel portion 806 and the gate side driving circuit 807 are formed over the substrate 
700, and the pixel portion 806 is formed of a plurality of pixels each including a 
current control TFT 604 and a pixel electrode 710 electrically connected to its drain. 
The gate side driving circuit 807 is formed by using a CMOS circuit (see FIG. 14) in 
which an n-channel TFT 601 and a p-channel TFT 602 are combined. 

The pixel electrode 710 functions as an anode of the EL element. Banks 712 
are formed at both ends of the pixel electrode 710, and an EL layer 7 1 3 and a cathode 
714 of the EL element are formed on the pixel electrode 710. 

The cathode 714 functions also as a wiring line common to all the pixels, and 
is electrically connected to the FPC 905 through the connection wiring line 904. 
Further, all elements included in the pixel portion 806 and the gate side driving circuit 
807 are covered with the cathode 714 and the passivation film 716. 

Besides, the cover member 901 is bonded by the first seal member 902. 
Incidentally, a spacer made of a resin film may be provided to ensure an interval 
between the cover member 901 and the EL element. The sealing member 907 is filled 
in the inside of the first seal member 902. Incidentally, it is preferable to use an epoxy 
resin for the first seal member 902 and the sealing member 907. Besides, it is desirable 
that the first seal member 902 is made of a material which blocks permeation of 
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moisture or oxygen to the utmost. Further, a material having a moisture absorption 
effect or an anti-oxidation effect may be contained in the inside of the sealing member 
907. 

The sealing member 907 provided so as to cover the EL element functions also 
as an adhesive for bonding the cover member 901 . Besides, in this embodiment. FRP 
(Fiberglass-Reinforced Plastics), PVF (Polyvinyl fluoride). Mylar, polyester, or acryl 
can be used for a material of a plastic substrate 901a constituting the cover member 
901. 

Besides, after the cover member 901 is bonded by using the sealing member 
907, the second seal member 903 is provided so as to cover the side surface (exposed 
surface) of the sealing member 907. The same material as the first seal member 902 
can be used for the second seal member 903. 

By sealing the EL element in the sealing member 907 through the structure as 
described above, the EL element can be completely isolated from the outside, and it 
is possible to prevent a material to accelerate the deterioration by oxidation of the EL 
layer, such as moisture or oxygen, from invading from the outside. Accordingly, a 
highly reliable light-emitting device can be obtained. 

The light-emitting device manufactured in the manner as described above 
includes the TFT manufactured by using the semiconductor film in which the crystal 
grain of the large grain size is formed, and the operation characteristics and reliability 
of the light-emitting device can become sufficient. Such light-emitting devices can be 
used as display portions of various electronic instruments. 

Incidentally, this embodiment can be freely combined with Embodiments 1 to 

5. 
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[Embodiment 8] 

Various semiconductor devices (active matrix type liquid crystal display device, 
active matrix type light-emitting device or active matrix type EC display device) can 
be formed by applying the present invention. Specifically, the present invention can 
be embodied in electronic equipment of any type in which such an electrooptical 
device is incorporated in a display part. 

Such electronic equipment is a video camera, a digital camera, a digital camera, 
a projector, a head-mounted display (goggle type display), a car navigation system, a 
car stereo, a personal computer, or a mobile information terminal (such as a mobile 
computer, a mobile telephone or an electronic book). Figs. 25A-25F. 26A-26D. and 
27A-27C show one of its examples. 

Fig. 25 A shows a personal computer which includes a body 2001. an image 
input part 2002, a display part 2003, a keyboard 2004 and the like. The invention can 
be applied to the display part 2003. 

Fig. 25B shows a video camera which includes a body 2101. a display part 
2102, a sound input part 2103, operating switches 2104. a battery 2105. an image 
receiving part 2106 and the like. The invention can be applied to the display part 
2102. 

Fig. 25C shows a mobile computer which includes a body 220 1 . a camera part 
2202, an image receiving part 2203, an operating switch 2204. a display part 2205 and 
the like. The invention can be applied to the display part 2205. 

Fig. 25D shows a goggle type display which includes a body 2301. a display- 
part 2302, arm parts 2303 and the like. The invention can be applied to the display 
part 2302. 

Fig. 25E shows a player using a recording medium on which a program is 



recorded (hereinafter referred to as the recording medium), and the player includes a 
body 2401, a display part 2402, speaker parts 2403, a recording medium 2404. 
operating switches 2405 and the like. This player uses a DVD (Digital Versatile 
Disc), a CD and the like as the recording medium, and enables a user to enjoy music, 
movies, games and the Internet. The invention can be applied to the display part 
2402. 

Fig. 25F shows a digital camera which includes a body 2501, a display part 
2502, an eyepiece part 2503, operating switches 2504, an image receiving part (not 
shown) and the like. The invention can be applied to the display part 2502. 

Fig. 26 A shows a front type projector which includes a projection device 260 1 . 
a screen 2602 and the like. The invention can be applied to a liquid crystal display 
device 2808 which constitutes part of the projection device 2601 as well as other 
driver circuits. 

Fig. 26B shows a rear type projector which includes a body 270 1 . a projection 
device 2702, a mirror 2703, a screen 2704 and the like. The invention can be applied 
to the liquid crystal display device 2808 which constitutes part of the projection device 
2702 as well as other driver circuits. 

Fig. 26C shows one example of the structure of each of the projection devices 
2601 and 2702 which are respectively shown in Figs. 26A and 26B. Each of the 
projection devices 2601 and 2702 is made of a light source optical system 2801. 
mirrors 2802 and 2804-2806, a dichroic mirror 2803, a prism 2807, a liquid crystal 
display device 2808. a phase difference plate 2809 and a projection optical system 
2810. The projection optical system 2810 is made of an optical system including a 
projection lens. The embodiment 8 is an example of a three-plate type, but it is not 
limited to this example and may also be of a single-plate type. In addition, those who 
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embody the invention may appropriately dispose an optical system such as an optical 
lens, a film having a polarization function, a film for adjusting phase difference or an 
IR film in the path indicated by arrows in Fig. 26C. 

Fig. 26D is a view showing one example of the structure of the light source 
optical system 2801 shown in Fig. 26C. In the embodiment 8. the light source optical 
system 2801 is made of a reflector 2811, a light source 2812. lens arrays 2813 and 
2814, a polarizing conversion element 2815 and a condenser lens 2816. Incidentally, 
the light source optical system shown in Fig. 26D is one example, and the invention 
is not particularly limited to the shown construction. For example, those whose 
embody the invention may appropriately dispose an optical system such as an optical 
lens, a film having a polarization function, a film for adjusting phase difference or an 
IR film. 

The projector shown in Figs. 26A to 26D is of the type using a transparent type 
of electrooptical device, but there is not shown an example in which the invention is 
applied to a reflection type of electrooptical device and a light-emitting device. 

Fig. 27A shows a mobile telephone which includes a body 2901, a sound 
output part 2902, a sound input part 2903, a display part 2904, operating switches 
2905, an antenna 2906 and the like. The invention can be applied to the display part 
2904. 

Fig. 27B shows a mobile book (electronic book) which includes body 3001. 
display parts 3002 and 3003, a storage medium 3004, operating switches 3005. an 
antenna 3006 and the like. The invention can be applied to the display parts 3002 and 
3003. 

Fig. 27C shows a display which includes a body 3 1 0 1 . a support base 3 1 02. a 
display part 3 103 and the like. The invention can be applied to the display part 3 1 03. 



The invention is particularly advantageous to a large-screen display, and is 
advantageous to a display having a diagonal size of 10 inches or more (particularly. 
30 inches or more). 

As is apparent from the foregoing description, the range of applications of the 
invention is extremely wide, and the invention can be applied to any category of 
electronic apparatus. Electronic apparatus according to the invention can be realized 
by using a construction made of a combination of arbitrary ones of the embodiments 
1 to 7. 

According to the present invention, at the laser annealing, a laser beam is 
formed into a linear shape to improve throughput, and further, a solid laser easy to 
maintain is used, so that the improvement of the throughput can be achieved as 
compared with a conventional laser annealing using an excimer laser. Thus, the 
manufacturing costs of a semiconductor device, such as a TFT or a liquid crystal 
display device formed of TFTs, can be reduced. 

Moreover, by performing a laser annealing through such a scheme that laser 
beams provided with a time difference between them are irradiated to a semiconductor 
film, it is possible to obtain a crystalline semiconductor film having a crystal grain of 
a grain size equivalent to or larger than a conventional size (in a case where an 
excimer laser beam is irradiated). By obtaining the crystalline semiconductor film 
having the large crystal grain size, the performance of the semiconductor device can 
be greatly improved. 
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